Abstract
with the incompressibility condition in inelastic strains (i)
The relation between the elastic strain and the Cauchy stress rates is given by the Hooke's law:
where _ is the total strain, ff is the elastic part of the strain, :g is the matrix of thermal coefficients, T is the temperature, _ is the Cauchy stress and D is the elastic stiffness matrix.
To represent the inelastic process of a viscoplastlc material, two sets of laws are being used: 1) a flow law which governs the rate of inelastic strain as a function of the current deformation state of a body, and 2) s set of evolutional equations that defines the rate of change in the internal state variables.
The framework of these laws are outlined as below,
Flow
Law:
where f represents a plastic scalar function, _ is the effective deviatoric stress and a is the back stress.
Evolution
Equations: 
where a designates the back stress, a tensor, k is the drag strength, a scalr quantity, H represents a hardening function and R is a recovery function.
For later discussion, both (5) and (6) may be combined into one representative form:
fi = H. :_I _ R. : 9
where _ = (a, k). In addition, we define the following quantities: the deviatoric components of stress are s= _-_tr(_)
The second invariants associated with the effective and the back stresses, respectively, are: i.
Flow law:
where where the stress and strain rates are converted into incremental quantities.
As a result, the rate form of the constitutive equations in (3) for a typical time step t' 6 [t, t + At] is written as
where the vector of incremental stresses are obtained from (21)
The expressions of A e , A_ z and AT follow similar definitions.
The main objective of our analysis is to integrate the rate equations (1) -(4) and (7) 
Here _(t) is the initial value of the appropriate stresses and strains defined at the begining of the current step. The function 9 is defined for a specific material and is, in general, a function of the current state and the appropriate rates:
We denote the integral expression on the right hand side of (27) by!(At ) so that
and
,t_=t
It is seen from the above, in order to solve for y(t + At) the integral/(At) has to be evaluated, and the entries in X and in 9 still remain unknown. where the derivatives of g are approximated using the known values of this vector at the begining and at the end of the current step: With the numericM equations outIined in the general form, it is useful to list the specific relations for the physical quantities, i.e. back stress, effective stress and inelastic strain.
Back stress:
Effective stress:
Inelastic str_n:
where e is the deviatoric strain tensor. 
A Thick Walled Cylinder
The firstexample is a thick walled cylinder subjected to a time dependent internalpressure,p(t),which undergoes a fullloading-unloading cycle,The finiteelement model contains 12 axi-symmetric elements and is shown in fig.(2) 
A Simply Supported Beam
The second example isa simply-supported beam under a stateof plane stress.
The loading function is a full-cycle displacement prescribed at the center of We use this problem to illustrate how numerical difficulty may arise as a result of discontinuities existing in the constitutive equations.
To remove such difficulty, we need to monitor the variation of the Jacobian matrix so that its norm must be kept within a certain allowable tolerance.
Otherwise, numerical anomaly will occur, which in turn causes either erroneous or non-unique solutions.
The material constants used for this example are[10]:
R -9 • 10 -s H = 1.37 • 10 4 Go = 0.1 fig.(6) the bending stress vs. the back stress at an integration point near the upper fiber near the center of the beam. As seen in the figure, the back stress is changing much faster then the corresponding stress component, thus leading to singularity of the coefficient matrix in (26). This phenomenon is further verified from the plots of the Jacobian norm vs. the number of local iterations at the integration point in fig.(7) . The end result is that a considerable amount of CPU time is consumed for very little improvement in solution accuracy.
In fig.(8 The CPU time for the three integration methods is det_iied in Table ( 2).
The time required by the asymptotic algorithm is about 50% less than that of the trapezoidal rule.
For a larger size problem, the time saving will be much more significant.
A Cylindrical Thrust Chamber
The third example is a cross section of a cylindrical rocket thrust chamber which is subjected to thermal as wall as pressure cycling [19] . Due to the repetitous pattern of its cross section, only one sector including the coding channel is considered for finite dement analysis, fig. (11) . In addition to the thermal loading, the chamber is subjected to a time dependent internal pressure; pl(t) acting on the cooling channel surface, and P2(t) acting on its inner surface.
The temperature and pressure functions Pl and p2 follow the same time history and the corresponding function for one typical loading cycle is shown in fig.(12) . Step 
